Left ventricular aneurysm (LVA) remains a poorly understood entity, often resulting in congestive failure that is not consistently improved by standard resection with linear closure. Although other surgical approaches have been proposed, current methods to assess their effect on left ventricular function are not adequate. The purpose of the present study was to quantitatively define regional systolic function in patients with LVA and to assess acute changes in regional function after standard repair. Seven patients underwent resection of an anteroapical LVA. Intraoperative two-dimensional echocardiography was performed off cardiopulmonary bypass immediately before and after resection. In all patients, short-axis views at the papillary muscle (apex) level showed anteroseptal paradox and distorted geometry, whereas at the mitral valve (base), symmetric wall motion and geometry were preserved. Videotaped echo images were divided into octants by a floating axis fitted to internal landmarks. Myocardial area and midwall perimeter were obtained for each octant, and wall thickness was calculated at end diastole (ED), isovolumetric systole (IS), and end systole (ES). Wall thickening (A t) for each segment was calculated as the percent increase in thickness from ED and averaged for all seven patients. At the apex level before resection, isovolumetric thinning occurred in the aneurysm as well as bordering segments, with A t ranging from -17 + 5% (+SEM) in the anteroseptal segment to 12+±6% posterolaterally (p<0.05). The isovolumetric bulge was followed by late-systolic thickening, however, with A t ranging from 13 7% to 27+± 8% (NS). Systolic function at the base was symmetric, with A t ranging from 12 ±+3% to 18 ±+3% at IS (NS) and from 20 6% to 26+± 6% (NS) at ES. After resection, isovolumetric function at the apex improved significantly, with thickening present in all segments. In the posteroseptal segment, A t improved from -6±+3% before repair to 11±6% after repair (p<0.05) and improved in the septal segment from -8 4% to 9 + 5% (p<O.OS). End-systolic thickening was not significantly changed from prerepair values at either the apex or base. These data define the nature of regional systolic function with anteroapical LVA. Paradoxic wall thinning occurs not only in the aneurysm itself but in border zones as well. Thinning is maximal at isovolumetric systole and is followed by net end-systolic thickening. Normal systolic function is maintained in posterior segments and at the base of the heart. LVA resection eliminates the aneurysm itself and normalizes isovolumetric function of the border segments. This method of analysis will allow objective assessment of newer forms of LVA repair. (Circulation 1988;78:856-862) L eft ventricular aneurysm (LVA) is a serious complication of myocardial infarction (MI), occurring in up to 38% of patients,' and results in a lower 5-year survival rate than in uncomplicated MI.2 The most frequent complication is congestive heart failure, although other problems include ventricular arrhythmias, angina pectoris, and thromboembolic events. Besides localized
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The heterogeneous nature of both the tissue properties and geometry of the aneurysmal ventricle have led to a poor understanding of this entity. The differences in systolic function of aneurysmal segment, border zones, and uninvolved areas must be better defined. Also, the effects of standard repair must be clear before alternate surgical approaches are adopted. The purpose of the present study is to define in a quantitative fashion regional systolic function in patients with left ventricular aneurysm with two-dimensional echocardiography and to assess the effects of standard aneurysm repair on regional performance.
Patients and Methods The records and intraoperative echocardiograms of 19 end diastole (ED), which was defined as the onset of the QRS complex of the electrocardiogram; maximal paradox (IS), which occurred one or two video frames after the end of the QRS; and end systole (ES), which was defined as the smallest cavity diameter in association with the T wave.
The technique for regional analysis was adapted from a method described by Nieminen et al. 16 Echocardiographic images were traced from the video monitor with tracing paper, and a reference line was drawn through the papillary muscles at the apex and mitral valve at the base. The image (excluding papillary muscles) and reference line were transferred to a computer (Apple MacIntosh 512E) with an x-y digitizing tablet (MacTablet, Summagraphics Inc, Fairfield, Connecticut), and a floating eight-segment axis was superimposed on the image with commercial software (MacDraft). This axis was then centered on the cardiac image automatically by the software that aligns the midpoints of both the top-to-bottom and side-to-side margin of each object. Finally, the axis was rotated so that the 00 line coincided with the reference line to avoid errors in orientation ( Figure 1 ). The anterior and anteroseptal segments correspond to the aneurysm itself, whereas the remainder of the ventricle is divided into anterolateral, lateral, posterolateral, posterior, posteroseptal, and septal regions. After resection of the anterior and anteroseptal segments, the circumference of the ventricle at the papillary muscle level was comprised of only the six remaining segments, with the edges of the septal and anterolateral segments in apposition. To reflect this, images through the papillary muscles after repair were divided into six segments. At the base, which was not involved in the resection, images were divided into octants both before and after repair. Computerized images from a representative case are shown in Figure 2 . Both the anterolateral border segment and uninvolved posterolateral segments have been shaded, and wall thickening is represented as the percent change in thickness from end diastole. Before repair, isovolumetric wall thinning (A t = -14%) is noted in the anterolateral region, followed by net end-systolic thickening (A t = 19%). In the uninvolved posterolateral segment, net thickening occurs throughout systole. After repair, wall thickening is seen at both isovolumetric (A, t = 3%) and end systole (A1 t = 17%) in the anterolateral segment, while in the posterolateral segment systolic wall thickening is unchanged.
Mean results for the seven patients are presented in Table 1 systolic thickening was statistically unchanged from before repair. A qualitative analysis of regional function with a summary of coronary anatomy is shown in Table 2 . At the apical level before repair, a total of 22 segments from the seven patients showed isovolumetric paradox in addition to the anterior and anteroseptal segments that were to be resected. This was followed by end-systolic paradox in only one patient (four segments). All patients had significant atherosclerotic disease in the left anterior descending coronary artery, and all but one had stenoses of more than 50% of luminal diameter in the circumflex coronary artery or its branches. In addition, two patients had stenoses in the right or posterior descending coronary artery. After repair, a total of nine segments showed isovolumetric paradox, but of these, only four were among the original 22. Thus, 18 Figure 5 ). Despite improved isovolumetric function at the apex with repair (1 + 5% before repair increased to 10±5% after repair), there was no parallel change in endsystolic function (20 + 5% before repair decreased to 19 ± 5% after repair) nor did any significant changes in systolic function occur at the base with resection.
Discussion
The aneurysmal ventricle is at a mechanical disadvantage for several reasons. The curvature and thickness of the ventricular wall are determinants of afterload, and as changes in these parameters occur, significant changes in performance can be expected.'7-19 A left ventricular aneurysm causes obvious localized geometric changes but leads to global cardiac remodeling with generalized dilatation as well.3 In addition, there are variations in the intrinsic tissue properties of scar, normal muscle, and bordering tissue that influence both active and passive function. 20 Finally, the presence of a paradoxic segment reduces the efficiency of the ventricle as a whole because systolic work is wasted on expansion of this segment. [4] [5] [6] [7] Because of the asymmetries involved, evaluation of left ventricular function is difficult in patients with LVA. Standard measurements of global function normally assume homogeneity and are thus not reliable for presurgery evaluation and prognostic assignment. Methods to assess regional function have therefore been used in an effort to improve overall evaluation. With conventional ventriculography to define contractile segment ejection fraction (CSEF) separate from global EF, the state of the residual myocardium has been correlated with presurgery global function21 as well as postsurgery result. 22 Although CSEF correlates with postsurgery global function in large groups of patients, it cannot be relied on to predict outcome in individual cases.'0 In addition, techniques that rely on standard contrast radiography do not relate important three-dimensional information, which is essential with LVA. Many recently developed techniques that combine newer imaging modalities with computer analysis may prove useful in evaluating these patients. 23, 24 The present study uses an echocardiographic method of regional analysis in which short-axis images are divided radially into octants and segmental wall thickness is measured. Wall thickening is a more accurate measure of regional function than wall motion. 15, 25 In addition, short-axis sections can be analyzed at multiple apex-to-base levels, thereby providing the important three-dimensional information not available by contrast radiography. There are several potential problems with this particular method, however. The anatomic confinements that exist with intraoperative echocardiography, especially with a large LVA that can be adherent to the sternum, provide one source of difficulty in that images must often be taken proximal to the greatest dimension of the aneurysm. In the present study, the apical sections always included the most proximal extent of resection as evidenced by an obvious suture line with Teflon strips on postrepair sections. Sections through the center of the aneurysm might Standard aneurysm resection appears to affect isovolumetric function mainly by eliminating paradox in the border zones. It is unclear whether the effect is due to more favorable geometry in these segments, a reduction in global wall stress related to decreased chamber size, or simply better perfusion secondary to coronary bypass. As Furthermore, some patients whose paradox resolved completely were not on pressor support.
The elimination of paradox suggests that some degree of mechanical efficiency has been restored to the ventricle and that this may in fact account for the symptomatic relief that many patients experience. It should be kept in mind that this study documents only the short-term changes in regional function associated with LVA repair. The degree and resultant effects of cardiac remodeling that may occur over time in these patients is unknown, but obviously long-term changes in geometry may contribute to the ultimate effects of aneurysm surgery.
Whether proposed techniques of geometric reconstruction would improve on the current standard of linear repair remains untested. However, the lack of benefit that has been documented in other studies8-10 and the fact that end-systolic function was not improved by standard repair in this study support investigation of new methods. As of yet, no animal model of true left ventricular aneurysm has been reported, but the development of such a model should be pursued because of its obvious use in exploring new operative techniques. This form of regional analysis would provide an excellent method for assessing function both clinically and in the laboratory in the development of such alternatives.
